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(54) Title: mOH MODULUS POLYMERS A>n> COMPOSITES FROM PLANT OILS 
(57) Abstract 

The liquid resins described herein are derived frw plant and animal oil triglycerides by suitably functionaiizing the triglyceride 
with chemical groups diat render it polymerizaWe. The triglyceride njolecular structure is a combination of various Iriestcrs of fatty acids 
linked together with glycerol. The fatty acid residues are linear caiboxyUc acids containing from about 4 to about 30 carbon atoms, but 
preferably from about 14 to about 22 carbons and from about zero to about 4, or preferably from about 2 to 3 carbon-carbon double 
bonds. As obtained hi nature, these double bonds are predomlnantiy in the cis (23 configuration and, in the case of polyunsaturated 
acids, not conjugated. The fatty acids derived from triglycerides include, but are not limited to tiie following: Laurie (C12:0), i^ 12 
carfjon atoms long containing zero C=C douWc bonds. Myristic (C14:0X Palmitic (CI 6:0). Stearic (Cl8:0). Oleic (CI8: 1), Linoleic (C18:2). 
Lindenic (C18:3). Bicosanoic (C20:0). cis-ll-Eicosanoic (C20:l), Docosanoic (C22.-0) and cis-l3-Docosanotc (C22:l). Typical plant oil 
triglycerides used for the purpose of this invention contain about 10-20 % saturated, about 20-30 % mono-unsatorated, about 40:60 % 
di-unsaturated, and about S-15 % tri-unsaturated fatty acid residues, but other distributJons, both nanow and broad, of faity acid residues 
qm also be used for the thermoset and plastic resins described In CM^ 
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HIGH MODULUS POLYMERS AND COMPOSITES 
FROM PLANT OILS 

FIELD OF THE INVENTION: 

This invention refers to the synthesis and application of liquid resins derived 
predominantiy from plant triglycerides as raw materials, that are capable of curing to high 
modulus thermosetting polymers suitable for use alone or as the matrix polymer in fiber 
reinforced composites. 



BACKGROUND OF THE INVENTION 

Polymer Matrix Composites (PMC) are manufactured by embedding strong fibers 
such as. glass, carbon, aramid or natural fibers in a polymer. The composite materials 
1 S benefit from the reinforcement provided by the strmg fibers and have tensile^ bending and 
impact strength properties much higher than non-reinf<»ced polyniers. Such coniposites 
fmd use in agriculmral equipment, civil and marine in&^^ 

materials, aircraft and military industries. The polymer used in the composite* also known 
as the matrix, tiuy be thermoplastic or thermoseuing. Thennopl^ 

20 of melting upon heating with no change in chemical structure, whereas, thermosetting 
polymers are capable of chemically reacting. This converts the originaL usually liquid, 
polymer to a rigid solid polymer that can no longer melt upon heating. The latter 
thermosetting polymers are used as liquid molding resins, successful examples of which 
include, but are hot liaiited to, the well known unsaturated polyester, vinyl ester and epoxy 

25 cesins. These resins are tisually injected as a liquid into a mold containing the appropriate 
reinforcing fiber and w then cured in tiie nx>Id to a rigid soUd by 
catalyst The successful liquid moldmg resins must have a low initial viscosity, have a 
long shelf life at room temperamre, be capable of chemically reacting t a solid polymer by 



^1- 



SUBSTITUTE SHEET (RULE 26) 



wo 99/21900 . PCT/US9g/22095 

heating and/or addition of catalysts, must be able to react >vithout the fonnation of volatile 
by-products, must have strong adhesion to the fabers used as the reinforcing agent and 
must have good physical propcnies such as^ high ultimate tensile strength, fatigue 
resistance, impact strength, bending moment and high softening temperature. 

Liquid molding resins are usually prepared by first synthesizing a low molecular 
weight polymer having the functional groups required for the cross-linking reaction. To 
achieve the desired low viscosity die polymer may be dissolved in a reactive diluent If the . 
cross-linking reaction is of the free radical addition type, the required fiihcdpnal group on 
the polymer is ethylenic unsaturation and the reacdve diluent is also an ethylenicly 
unsaturated compound such asi. but not liinited to, styrene* a^methyl styrene, divinyl 
benzene, methyl methacrylate. etc. The relative ratios of unsamrated groups on t^^ 
polymer and the amount of the reactive diluent arc important parameters that those 
knowledgeable in the field have learned to opumize. 

Just prior to use« liquid moldiilg resins are mixed with catalysts and accelerators 
that start and facilitate the cross^linking reaction. If the cross-linking reaction is of the 
addition type, such accelerators as cobalt naphtehate, aromatic tertiary amines, etc.. and 
free radical ihidktors such as. but not limited to, methyl ethyl ketone peroxide, b^izoyl 
peroxide, cumyl hydroperoxide . etc are added. The choice of initiators and accelerators 
depends on the reactivity of the polymer and the temperature and the lime desired for the 
cure reaction. The choice of accelerators and initiators are well documented in the literature . 
and are well known by those experienced in this field. 

Successful liquid moldings such as^ but not limited to, unsaturated polyesters, vinyl 
esters and epoxy resins are all synthesized using raw materials derived idtimately from 
petroleum. These include, but are not limited to. maleic anhydride, pihthalic acid, 
Lsophthalic acid, aliphatic diols. bisphenol- A. acrylic and methacry lie acid, aliphatic and 
aromauc diamines, all of which are petroleum derivatives. Replacing some, or all. of these 
petroleum derived raw materials with renewable plant-based raw materials is attractive, 
both economically and socially, as such raw materials are cheaper and their use conuibutes 
to global susu&inability by not depleung scarce resources. 

The use of plant-based raw materials such as plant oils is further useful as such 
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naturially occurring compounds are usually consumed readily by microorganisms. In facu 
plant triglycerides are readily hydrolyzed in vivo by lipase secreting bacteria. This would 
make polymers derived from such raw materials easily biodegradable in natural media. 
This aspect of these polymers is an additional advantage over polymers derived solely from 
5 petroleum based raw materials, very few of which are degradable by naturally occurring 
bacteria. 

It is also the intention of the present invention to introduce a high modulus resin 
system that is suitable for conqx>site formiation using man made fibers sudi as, glass, 
carbon and aramid fibers as well as natural fibers* including, but not lirnited to. animal 

10 fiber (e.g., wool, cashmere, hair, bird feathers, etc.), and plant or vegetable fiber (cotton, 
sisal, fibrous cellulose, hemp, bay, straw, flax, jute, pine needles, etc.). In this manner, it 
is intended to produce comp)osites whose matrix as well as reinforcement are predominantly . 
made from natural and renewable materials. These materials are inexpensive and should 
find use in high volume applications such as, but not limited to, particle board for furniture 

IS and construction, engineered liunber, reinforced components for automotive, OFB and 
MDF panels for construction, ceiling panels and sctdpture. By contrpUing the crosslink 
density, tiiese materials are suited to sq)plications as softer, low modulus materials such as 
rubber and flexible conopbiites 

The use of epoxidized triglycerides, especially epoxidized soybeati oiK 

20 documented. This compound is avmlable in niany levels of epoxidati 

purposes of this invention, several are suitable: Paraplex Gr62 avsulable from C. P. Hall 
Company : Chicago, IL : Drapex 6.8 available from Witco Co.; Taft LA (having on the 
average 4.2 epoxy groups per triglyceride ): and Vikoflex 7 1 70 from Elf Atochem. The : 
current conmiercial use of epoxidizcd soybean oil is as plasdcizer for polyvinyl chloride. 

2 5 The use of aciy lated epoxy oils in various resins has also been investigated. 

European Patent 81973 discloses the use of aery lated epoxi^^ 
photo-pplymerizable coatings for glass. In the Japanese Pdttnt 73-98883, acrylated 
epoxidized triglycerides is used to prepare ink vehicles that are capable of photocuring. In 
US Patent 4.025,477, and 3,93 1.075, acrylated epoxidizcd triglyceride is treated with 
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isocyanates and 2-hydroxyethylacrylaie to give electron beam-curable coatings for xncials 
with a Sward hardness of 14. In Japanese paicnl 75-126706. aciylated cpoxidizcd 
triglyceride is used for photocurable ink vehicles used for textile printing. In Japanese 
Patent 73- 98885, aciylated epoxidized triglyceride is used with toluene di-isocyanaie and 
5 2- hydroxyediylacrylate to give a co-polynacr that is capable of photocurihg in lexiUe 

printing applicauons. In French Paient 76-37 678, acrylated epoxidized triglyceride is used 
as a photocurable high flexibility coating for leather. In Jajpanese Patent 78-261 16. 
acrylated epoxidized triglyceride is used as a photocurable ink vehicle dm 
cure and higher gloss. In Japanese Patent 77-137522, acrylated epoxidized triglyceride is 
10 used in conjunction with glycidylacryiaie-octylacrylateco-pol^^ 

prepare a potting compound used for fluorescent light fixtures that eUnunaies transformer 
humming. In European Paient 90-203517, the use of acrylated epoxidized triglyceride as 
. electron beam or UV curable thcnnosctting inks, coatings, and adhesives, is disclosed. W. 
Shi ci ai:. in J. Phptopolym. Sci. Techno!., 5, 453, (1992), describe acrylated epoxidized 
1 5 triglyceride resin for high-gloss UV cured coatings. All of the above references are 
incorpcwaied by reference in its entircflf, for all purposes. 

Investigation of the literatim shows that the prior art 
triglyceride resins to be used as surface coatings only. These are necessarily flexible, 
lightly cross-linked amorphous polymers, with littie or no structural strength. These 
20 substances have been used in the prior art as varnishes, adhesives, protective coalings, ink 
vehicles, and high-gloss surface treatments, hone of which requires any suucmral strength. 
As will be apparent below, in tills disdosure. hew chenMcal reactions 
ailow epoxidized triglycerides to be polyihcrizcd to higher molectilar wei^ and higher 
cross-iink densities so tiiat die new resins have: suwtural snrengdis comparable to tiiose of 
2 5 odier liquid molding resins now in commercial use. Such use includes, but is not limitiBd 
to, ti)e high volume composite utilization fields of civil infirastructure, defense, aerospace, 
. marine offshore, construction, bridge rehabilitation, automotive, fanning equipmenu 
electronics, etc. 

Ring opening cure reactions of epoxy rcsiris are weU known. The iise of dianiines, 
30 anhydrides. dicarix>xylic acids and diols have bedi reported in the literature. These 
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reaciions are exceptionally easy when the epoxy ring that is undergoing the reaction is 
terminal, thai is, at the end of the m leculc, which is the case in ail commerciaUy successful 
epoxy resins. In cpoxidized triglycerides, however the epoxy group is necessarily internal, 
such that it is substituted on both sides by bulky alkyl groups, rendering it far less reactive 
5 towards the traditional ring opening polymerization reactants. Some of the resins described 
in this disclosure use the epoxy functional group of these triglycerides with various diols, 
diamines, anhydrides and diacids to produce highly cross-linked networic polymers by 
. ring-opening polymerization reactions. 

The advantage of rmg opening polymerization reactions is twofol± First, tiicre is 
10 no by-product during the ring-opening polymerization, as all reactions are of the addition 
type; second, the degree of crosslinking, and therefore the final properties of the cured 
resin, can be controlled by merely adjusting the stoichiometry of the epoxy component and 
the second reactani. e.g.; diols, anhydrides, diamines, dicart>oxyUc acids, alkoxides, etc. 
Another advanugc of such thcrmaUy induced epoxide ring-opening polymerization 
1 5 is, tiiai unlike free radical addition reactions, ring-opening reactions can be stopped and re- 
started at will by dcicfcasing or incrcasiiig the tcmperaitttfc^ respectively. Tltis allows 
individuak knowledgeable in tiie art to synthesize pre-polynicrs of dtt^ 
weight and viscosity, which can be kept at room temperature indefinitely (A-Stage), but 
which can be cured to a solid suie in a mold merely by the application of heat (B-Suigc). 

20 

Conunercially successful epoxy resins usually consist of a two component 
titt epoxy prepplymer and tiie curing agent, both as separate conqxmwits. These 
components have to be metered, weighed, and mixed by the end user. The avoidance of 
twcwromponcm cure systems makes the resins described herein more attractive, as tin end 
25 user need not be concerned wiUi these complicated and error-prone nuxing and metering 
steps. '• 

Another advantage of the resins described in tiiis invention is tiiat tiie physical sta^ 
and rigidity of tiw product can further be manipulated by die addition of various co- 
reaciants having reduced or increased reactivity s dial a desired fraction— or, in fact, all— 
.30 of the epoxy groups are used iir the final stage of the reaction. Siich co-reactaiits include. 
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but are not limited to. primary and secondary alcohols and priiiiary and secondary amines. 
The rate of the ring-opening polymerization can be adjusted by using desired amounts of 
ring-opening catalysis, which include, but are not limited to, cyanoguanidines. imidazoles. 
Lewis acid, meuJ alkoxides. and bases. 

An added novelty of this disctosure is that the epoxy coniem of the epoxidized oils 
depends on the level of unsaturation of the oil used as raw materials. It is well known that 
oils from different plants such as, but not limited to, conon. sunflower, conu soy bean; 
and linseed have different amounu of unsaniration. DepiMiding on the property desired in 
the final product, various oils, or HMXtures thereof, may be used for 
reaction. Therefore, a raw material of die cxactiy desired epoxy equivalent can always be 
obtained by mixing epoxidized triglycerides from different plants. In this disclosure, the 
variation of unsaturation among the various plant oils is used to advantage. A promising 
development in this field is the futurewailability of triglycerides from genetically 
engineered plants which contain imich higher levels of unsatur^ 
distribution of fatty acid chain lengtb:ihan cuncnily attainable from the natural plants. 

The resins disclosed herein are more affordable than the hitherto commercially 
available liquid molding resins: their manufacture involves simple reactions tlut require 
simple reactors and machinery, and their origin from renewable resources makes theni 
environmentally friendly and supportive of global susiainabiliiy. 

Ring opening polymerization of epoxidized triglycerides has been disclosed in US 
Patent 3,291,764 where uiethylenetetramine. p-phcnylenediaminc, phenylbiguanidine, 
etc.. have been used as curing agents to give semi-fluid resins that were soluble in aqueous 
acid and used as a surface coating. Jap^iese Patent 73-102647 des^ 
epoxidized iriglyccrides. commercial epoxy resins such as Epikote S28 and 
diaminodiphenylmethane to give moldable solids; Frishingcr, in Adv. Che. Ser. 239, 539, 
(1994) describes mixtures containing small amounts of plant triglyceiidcs and mostly 
coiimierciai epoxy resins and epoxy curing agents for the purposes o^ 

coxhmercial epoxy resins. 

Roesch, et al., in Polymer Bull. (Berlin) 3 1 ,679, ( 1993) describes reaction of 
epoxidized triglycerides widi inaleic, succinic, bex^ 
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and phtbaiic anhydride. The reaction is run in a polypropylene melt with small amounts of 
epoxidized triglyceride dispersed in the melt where the dispersed phase is the epoxidized 
triglyceride and the continuous phase is polypropylene. The aim of this work is to produce 
toughened polypropylene. 

Hydrogen peroxide oxidation of triglycerides to epoxidized triglyceride has been 
described by R. Oda« in Journal Society of Chemical Industry Japan, 41. 195-195 (1938) 
and by Y. Isii, in Journal Society of Oicmical Industty, Japan, 43, 255-7, 315-7, 374-9 
(1940)., and by Swem and Billen in Journal of Organic Chemistry, 67, 1786, ( 1945). 

Maleiniration of rpglygeridgs have been the subject of many publications : Teeter, in 
J . Org. Chem. 22, 512, (1957) describes the reaction of xnaleic anhydride with conjugated 
fatty acids: Bickford, in J Am. Oil Chemist's Soc., 25, 254, ( 1948) describes 
maieinization of unconjugated triglycerides. Plinuner, in J- Oil Color Chemists' Assoc., 
32, 99 ( 1 949) describes the reaction of a numter of different triglycerides with m 
anhydride. Maleic anhydride is icnown to react with triglycerides in an ene reaction, as well 
as insertion reactions giving oUgomeric triglycerides. Tlie procedures described in these 
papers are used to prepiare maleic modified oils used in varnish mannfamire. Thereacdvity 
of the anhydride has been used to react it with 2-hydrbxyethyInieth 
radical curable resins for surface coaung applications, as described in the Japanese Patent 
8 1 -64464. and for UV curable coatings, as described in the German Patent 89-3938149. 

Glyceiolysis of uiglyccridcs has been known since antiquity. This is the traditional 
starting material for alkyd resins used as binders for '*oil paints." There are many references 
tpthefornuoion of monoglyceride oils. There are also numerous references to 
poiyesteriftcation of monoglycerides with various diacids and dianhydrides. The co- . 
monomers that have been used are phdialic anhydride* fimiaric acid, pentaerythrib^^ 
giycerol. and aliphatic diacids, siicb as. but not limited to, succinic, g}utanc,.and suberic 
acid. The common point aniong the pxeviousworic is the formation of polyesters with . 
saturated diacids and the use of the unsaturation contained in the fatty acid itself for ''air 
drying ', that is, peroxidative cross-linking of the products. 

Monoglyceride polyesters have been described in the literamre: Fcm* example, 
Japanese Patent 74-103144^ describes phthalic anhydride alkyd for air drying paints; US 
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Patent 3,827.993 describes diethylene glycol-phthalic anhydride alkyd for surface coating: 
US Patent 4,740,367 describes fumaric acid allwd used as an emollient base for skin and 
hair care products; Japanese Patent 73-125724 describes phthalic anhydride and 
pcniaerythritol alkyd used for acid curable coatings; Japanese Patent 74-91317 describes 
5 phthalic anhydride and glycerol alkyd used for storage stable coalings; Japanese Patent 78- 
52321 describes phthalic anhydride and pentaerythritol alkyd used for air curable, water 
resistant coatings; Japanese Patent 80-62752 describes phthalic anhydride alkyd used for 
tough, air drying, glossy coatings: Japanese Patent 84-254873 describes isophthalic acid 
and polyethylene glycol alkyd for surface coatings. 
1.0 Anudation of triglycerides has been discussftd in a nuniber of souiK^ Fatty acid 

amides arc commercially important substances used as antistatic and softening agents for 
textiles. In British Patent 1248919, fatty acid amides made from fatty acids and 
diethanolamine to produce foamed resms are disclosed, There is no work in the liieiauire 
on direct amidation of triglycerides, imale'mization of tte 
1 5 anhydride or on the polymerization of the maleaie half-csters. The resin system disclosed 
here does not Involve a polyester: It is only a half-ester of maleic anhydride— that is, a 1:2 
adduct of the monoglyceridc with malcic anhydride. This produa is fcmied without any 
by-product by the reaction of the plant monoglyceridc hydroxyl groups with maleic 
anhydride. The resulting molecule is unique and has not been synthesized before. The 
20 resin system disclased herein does not depend on the air oxidation of the fatty acid 
unsaturation: in fact, those double bonds arc intact in the product The resin system 
described in rtiis invention cures via the co-polymerization of reactive diluent and the 
maleate half-csters. In this invention, maleic anhydride is used as the esterification reagent 
and. among other reactions and processes, excessglycero! is used as a means of adjusting 
25 the cross-link density, thereby producing a structurally suong tiicrmoset from naniral 
triglycerides. The new thermoset and its modifications is reconunended for use in 
composite manufaauring with high-modulus synthetic and natural fibers. 
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BRIEF DESCRIPTION OF THE INVENTION 

The liquid resins described herein are derived from pianc and animal oil triglycerides 
by suitably fiinctionalizing the triglyceride with chemical groups thai tender it 
polymcrizable. The triglyceride molecular structure is a combination of various triesiers of 
fatty acids linked together with glycerol. The fatty acid residues are linear cartxjxy lie acids 
containing from about 4 to about 30 carbon atoms, but preferably from about 14 to aboui 
22 carbons and from about zero to about 4, or preferably from about 2 to 3 carbon-carbon 
double bonds. As obtained in nature, these double bonds are predominantly in the cis (Z) 
configuration and, in the case of polyunsamratcd acids, not conjugated. The fatty acids 
derived from triglycerides indude, but are not liiniied to tf^ Laurie (CI 2:0), 

i.e.i 12 carbon atoms long contaming zero OC double bonds. Myrisiic (C14:P), Pakniiic 
(C16:0), Stearic (C18:0), Oleic (€18:1), Linoleic (C18:2), Unolenic (C18:3), Bcosanoic 
(€20:0), cis-ll-Eicosanoic (C20:l), Docosanoic (C22i0) and cis-13-Docosanoic (C22:l), 
Typical plant oil triglycerides used for the purpose of this invention contain about 10-20 % 
saturated, about 20-30 % moho-unsauirated about 40-60 % di-unsamrated, and about 5- 
15% tri-unsaturated fatty acid residues, but other distributions, both narrow and broad, of 
fatty acid residues can also be used for the thermoset and plasU^ 
invention. 

Typical fatty acid compositions of some plant oils are given in the following Table 
(extracted from Ashland Chemicals and Karlshanms Chart on Cooiposiuon of Natural Fats 
and Oils). 
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Table^Compositi n of Natural ^ and Oils 



Oil 


ac=c 


Can- 
ola 


Com 


Lin- 
seed 


Olive 


Palm 


Pea- 
nut 


Saffl 
ower 


Soy 


Laid 


Fish 


Laurie 


12:0 










0.1 








A 7 




Myristic 


14:0 


0.1 








1-2 




A 1 

0.1 


A 1 
0.1 


I. / 




Palmitic 


16:0 


4 1 


11.5 


5.5 
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This (incomplete) list shows the dominant triighxcridc species (in bold) for typical oils and 
presents the relative level of C=C unsaturation of some oils used in this invention. 

This invention prescribes ihc use of saturated and unsaturated triglycerides and their 
5 fatty acids residues from both plant and animal sources such as. but not limited to, lard. 



rape. palm, beef tallow, fish. soy. canola. sunflower, safflower. rice bran, corn, peanut, 
cottonseed and kbiza. The OC doiMc bonds that constitute the unsaniration. create 
reaaive sites that have traditionally been used for oxidative coiipiing reactions leading to 
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"air drying" of some plant oils. This is the chemistry of the well known alkyd resins used 
for paint and varnish binders. While there arc many examples of the use of drying oils for 
surface coating applications, the unsaturaiion on the plant triglycerides is not sufficiently 
reactive to allow homo- or co-polymerizations of the molecule direaly to give resins with 
5 any degree of structural strength or stiffacss. US Patent 5 J 19,30 1 describes methods of 
incrcasing the levd of conjugation in plant oik wWch have fatty a^^^ 
more unsaturated sit^ The conjugated double bonds increase the reactivity of the 
unsaturated sites and these offer pomntial for additional leacti 

of Timg oil* or as a co-adhesive for particle board, cured at high tcmpcraiurcs for 24 hours. 

10 as described in US Patent 5,607,633. However, for those experienced in the an. the 

triglyceride molecule offers a number of reactive sites for functionalization. These include 
but arc not limited to, the double bond, the allylic carbons, the ester group and the carbons 
alpha to the ester group. Tins invention discloses ctemical reactions that use these active 
sites to introduce polymerizable groups on the triglyceride and the subsequent 

IS polyrnerizatton and conipo^fonxiation using these new 
polytiiers and conqx)5itcs with new composition of niatter. 

The triglycerides used in this invention were saniples prepared from t^ 
oils by base extraction to remove free acids, and iieated and filtered to remove the gunmiy 
non mglyceride residues. No auicmpi was made to deodorize, decolorize and to winterize 

20 the triglycerides. All of the resins described in this invention were characicria»d by the 
usual mstrumental analysis techniques known by those knowledgeable in the art Ttese 
techniques include, but are not limited to, nuclear magnetic resonaincc spectroscopy, 
Fourier transform infra red spectroscopy, mass spectroscopy, ulttaviolet spectroscopy, 
surface hardness test, differential scanning calorimetry . dyruupic mechanical aiialysis and 

25 mechanical testing. 

Description of Figures 
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Figure 1 shows a nuxid)er of chemical pathways that are used for the purpose of 
introducing reactive sites on the triglyceride molecule which lead to the synthesis of the 
new monomers and composite resins disclosed in this invention. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a number of chemical pathways that are used for the purpose of 
introducing reactive sices on the triglyceride molecule which lead to die synthesis of 
new monomers and composite resins disclosed in this invention. The triglyceride can be 
directly dligomerized without any fiinctionalizatioh by oxidative coup^ng, suliiir 
1 0 vulcanization, olefin metathttis« photolysis, free radical co-polymerization with reactive 
diluents and polymerization with bis-maleimids to give viscous oils* soft rubbers and low 
glass transition tenqperanuie, Tg, solids* Nc»ie of these materials are ultimately suitable as 
high modulus liquid molding resins. 

The ttiglyccride. as shown in Figure 1 , was suitably functionalized to the 
1 5 epoxidized triglyceride, to the hydroxylaicd triglyceride, and the hydro 

triglyceride by the reaction of die double bond functionality ; to the maleinized triglyceride 
by the reaction of the allylic carbon fiinctionaiity and to monoglycerides and to hydroxy 
amids by the reaction of the ester functionality. All of tiiese derivatives are new monomers 
that are capable of polyinerization to rigid polyniers Siuitable as Uqm^ 
• 20 high volume compbiute manufactiiring applications* as discu^^ 

EPOXIDIZEi) TRIGLYCERIDE 

Conversion of the plant triglycerides to epoxidized triglycerides has been 
accomplished by reaction with hydrogen peroxide and the resulting epoxide can be 
polynierized in a runnber of ways. The epoxy groups were acrylated wi 
2 S polymerized and crossliniced with free radical initiators in the presence of reactive diluents 
such as. but not limited to; styrene. di vinyl benzene, methyl methacrylate, etc., to give 
rigid resins. Craipounds such as. but not limited to, benzoyl peroxide, methyl ethyl 
ketone peroxide, hydrogen peroxide, and oimene hydroperoxide 
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initiators. In the preferred cmbodimeni, USP 245 (2^imethyl 1-2^ bis (2- 
cthylhcxanoyl peroxyhcxane) (peroxy ester) (by Wiicd Corp.) was used as the free radical 
initiator. 

In addition to the free radically polymcrizable aery late ester, the acrv'laied 

5 triglyceride, now has newly fanned hydroxy 1 and residual epoxy groups. In this 

invention, the residual epoxy groups arc now used to chmn extend the acrylaied base resin 
with reactive difiinctional molecules including, but not limited to« dianiines, alkyl and 
aromatic diols. anhydrides* caiboxylic acids, alkoxides, hydroxides and Lewis acids. 
When the bak resin> thus modified, increased molecular wei^t and increased m 

1 6 density of the resin allows the formation of aired resins with mechianical properties that arc 
superior 10 unrnodified acrylaied cpoxidizcd uiglyccride resins produced aca 
art. Examples 1 -9 describe the synthesis, curing and properties of resins prepared 
according to these reactions. Diammes that may be benefidally used include, but arc not 
limited to, meAylcne dicyclohexyl aniine. triethylene teiraamine, p-diaminobenzene. 

IS metlylene dianiline, ttimediyl hexamdthyfenc diamine, diedianolaminet propa nc dia m itie, 
isophorone diarnine/ biols that can be benefidaUy used iiiclud^ 
ethylene glycoL 2,5-hexanedioU 1,4-butanediol, pentaerythritoi, bisphenol-A, 1;6- . 
hcxanediol, hydroquinone, sorbitol, inisilol. etc. Anhydrides that can be beneficially used 
include, but are not limited to. maleic anhydride, phihalic anhydride, pyromcUitic 

2 0 dianhydride, nadic anhydride, succinic anhydride, cyclohexanedicarboxyiic anhydride, etc. 
Alkoxides, hydroxides and Lewis acids that can be beneficially used include, but are not 
limited to. sodium and jpotassium hydroxide, methoxide, isc^ropoxide, aluminum 

trichlOTide, boron trifloride, etc. 

In tiiis invention, the newly formed hydroxy groups are also used for diadn 
-25 extension ofihc base resin by the use of appropriate hydn>xyreactivedifi^ 

molecules including, but not limited to, diisocyanates, ethylenicly unsaturated anhydrides, 
saturated anhydrides, diacids and diacid halides. These chain extending reagents include, 
but are not limited to, toluene diisocyanate. poly aromatic poly isocyanates, methylene 
dtphenyl isocyanate. maleic anhydride, cyclohexane dicarboxylic acid anhydride, succinic 
30 acid, adip(>yl chloride, etc. It is these very inodifications diat provide the inciieased 
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molecular weight aiid crosslink dmsicy to yield structurally strong resins and make the 
resins described in this invention unique. 

The epoxidized triglyceride can be polymerized and crosslinked via ring opening 
polymerization by a large number of epoxy reactive molecules including, but not limited to, 
5 diamines, anhydrides, diok.dicarbpxylic acids and they can be hydrolyzcd 

medium to a polyol and can polymerize by ring opening polymerization by the use of 
siiiuble initiators. Diamines that may be beneficially used include, but aie not Umited to. 
mediylene dicyclohexyl amine, trietfaylene tetraamine, p-diaminobenzene, m^lehe 
dianiline, trimethyl hexamethylcne diamine, diethanoianadne, propaned iam i ne ^ isophorone 
0 diamine diaminodiphenyl sulfonc, etc. Diols thai can be beneficially iised include, but are 
not limited to» ethylene glycoL 2,5-hexanedioI, 1,4-butanediol, pemacrythritoU bisphenol- 
A, U6-hexanediol, hydroquinone, sorbitol, inisitol, etc. Anhydrides that can be 
beneficially used include, but are not limited to. maieic anhydride, phthalic anhydride^ 
pyromeilitic dianhydride. nadic anhydride, succink anhydride, cydohexanedicarboxylic 
1 S anhydride, etc. Alkoxides, hydroxiiks and Lewis ackis thai can be boieficially used 
include, but are not limited to, sodium and potassium hydroxide, methoxide, • 
isopropoxide, aluminimi trichloride and boron vifloride. Acidic resets that can be used 
include, but are not limited to. sulfuric, hydrochloric and hydrobiomic acids., etc. As will 
be evident below, all of these resins arc potentially useful liquid molding resins that cure 
0 without the use pf reactive diluents or free radical initiators. The absence of any volatile 
and usually toxic reactive diluent makes these resins safer to handle than resins that are 
produced according to prior ait. Another significant advantage of these resins over similar 
resins produced according to prior art. is that the cure reacti(ms can be started and stopped 
at will. The cure reaction can be taken to any extent desired, the product can be kept for 
2 S considend>le periods and then cured to coxnpletion later. By those knowledgeable in the 
art, these resins can by conveniently fonnulated to A-Suge resins that are capable of curing 
to B-Suge in the mold. Hydrblyzed epoxidized triglycerides can also be used 
advantageously by polymerizing them with diisocyanates or reacting them with ethylenicly 
unsanirated anhydrides to fipge rarftgaHy curable half-esters. ReagexitsthatCan.be 
30 beneficially used include, but an$iK>t limited t ,t luenediis cyamue, poly aromatic poly 



-14- 

SUBSTITUTE SHEET (RULE 26) 



WO99y21900 PCTAJS98a2095 
isocyanaies, methylene dipfaenyl isocyanate. and maieic anhydride. Examples 10-16 
pertain to resins synthesized and cured by such reactions. 

Epoxide curing reactions of epoxidized plant oils with bisphenoKA 
inevitably slow down as the reaction proceeds and epoxy concentration and accessibility 
decrease during polymerization. In this invention, the reduced rcacu vity of the epoxidized 
plant oil is offiset by the addition of a reactive amine, such as, but not limited to, methylene 
dicyciohexylamine, trietbylene tetra amine, p-diaminobenzene, diamino diphenylsulphone. 
isophorpne dianune, diethwolamine, etc.^ in the B*Stage of resm 
resulting product has essentially all of its epoxy groups used in polymerization and 
crosslinking reactions. 

Epoxidized triglycerides can also be converted to resiliem rubbers by caref^ 
of molecular weight and cross link density. The resulting rubber can be used as a 
substitute for petroleum based rubber and can also be used as a rubber toughening agent in 
rigid composites. . 

HYDROXYLATED TRIGLYCERIDE 

Plant triglycerides have been oxidatively hydrolyzcd by hydrogen peroxide in the 
presence of formic acid. In this invention, the reaction medium is such that the initially 
fonned epoxidized triglyceride cannot be isolated, but is converted directiy to a mixnire of 
dihydroxy and hydroxy-formate derivatives. The reaction is run in an aqueous solution of 
formic acid by emulsifying the triglyceride by high-shear stirring. Controlled addition of 
hydrogen peroxide at room temperature gives the poly-hydroxylated triglyceride. This 
mixture is then extracted with an organic solvent immiscible with water, such as, but not 
linuted to. diethy l ether or chlorofonti. The organic phase is separated, dri^ 
evaporated to yield the hydroxylaied triglyceride. The removal of water can also be done 
without the use of an organic solvent by spray drying of the reaction product, using 
niethods known by those knowledgeable in the art. 

The product is a new triglyceride whose double bonds have been hydroly^ to 
1 .2 dibls and hydroxy foimaies. As such, the hydroxy lated triglyceride can be 
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conveniently reacted with roaleic anhydride to the xnaleate balf-esteis which are now 
capable of polymerizing free radically. Both the amount ofhydroxylation and the amount 
of malcinizalion can be controlled to give new resins with the desired degree of 
unsaturaiion. By the optimization of these factors, liquid molding resins with high 
performance properdes suitable for polymer composite applications can be produced. Due 
to the presence of additional carboxylic acid polar groups derived from maleic anhydride, 
and the linreacted hydrbxyl groups, the adhesion of this resin to the fiber st»rface is 
stronger than the resms made according to pri^ Nfuituicsof hydroxylated 
triglycerides, and their acrylated or maleinated derivatives with other fimctionalized 
triglycerides can be used to obtain better fibcr/niatrix sutmgth. 

Hydroxylated triglyceride is also an excellent monomer that can be used with 
commercial epoxy resins as co-monomer and curing agent. This resin is composed of 
hydroxylated triglyceride, maleic anhydride, and a commercially available epoxy compound 
such as Epon 828 (Sheli Chemical Co.), in a certain stoichiometric ratio having about 80- 
20% hydroxylated triglyceridei and about 20-80 % ^on resiiu The preferred embodiment 
has the rauos of hydroxylated triglyceride J4A:Epon« between abw 
50-^0:30. This resin system can be cured thermally with tertiary amine catalyst. In thjiis 
invention, the resin system contains no reactive and volatile diluents and does not require 
the addidon of free radical initiators. 

Analysis of the panially cured samples indicates that the hydroxylated triglyceride is 
first maleinated to the maleaie half-csier and ihc carboxyl end of the molecule then reacts 
with the epoxy ends of the Epon resin. The ukimaie tensile properties and toughness of 
this resin system can be optimized by the correct choice of stoichiometiy. by those . 
knowledgeable in the an. Examples i 9 -23 and 34-36 describe the synthesis, curing and 
properties of resins and composites made by these methods using a variety of plant oilis and 
fibers. 

MALEINIZED TRIGLYCERIDE: 

The allylic positions on the triglyceride molecule are susceptible to numy reactions, 
among vMch is the ene reaction with strong enophiles. The reactivity of the enophiie 
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maleic anhydride widi unsaturated triglycerides is well known and is the basis of ^'bodied*' 
oils that have been traditionally used in naval stores and marine varnishes. Maleic 
anhydride is known to react with triglycerides in an ehe reaction as well as insertion 
reactions giving oligomeric triglycerides. The reactivity of the anhydride has been used to 
5 react it with 2-hydroxyethylmethacrylatc to give free radical curable resins for surface 
coating applicadons. The degree' of maleinizaiion of the triglyceride can be controlled by 
the amount of makic anhydride us^ in the reaction and can be £K)zna^^ 1 toabout 10» 
and preferably* about US to about 4 succinic anhydride residues per triglyceride. In the 
preferred embbdiment, about 2 to 3, and preferably 2.6 succinic anhydride residuies per 
10 triglyceride, was found to give optimal viscosity and reactivity properties. This invention 
describes new resins derived from maleinized triglyceride using the reactivity of the newly 
introduced succinic anhydride moiety with polyamincs, polyols and bis epoxides. All of 
theseresinshave the previously mentioned property of hot containing any voh^^ . 
reactive diluent and not lequiring any free radical initiator to ^ect cu 

IS . Mft1»tnfTi>rf n4glyri»r4Hft rati hft fgfletefi with various diamines to give rigid resins. 

including, but not limited to, methylene dicyclohexyi amine, triediylenetetramine, jeffamine 
(polymeric diambe produced by Texaco), trimeihylenehexanediamine,i . 
diamine, diethanolamione. urea^ phenylene diamine, 1,6- hexanediamine, and tris(2r 
aminoethyOamine. The resins have amido acid functional groups and should possess good 

2 0 adhesive properties with the commonly used reinforcing agents such as, but not limited to, 
glass, carbon, aramid and natural fibers. The reaction of the maleinized triglycerides with 
polyamines is exceptionally fast giving instantaneous cures at room temperature and leading, 
to resins that are capable of curing under adverse environments such as cold diiiuUK 

Maleinized triglycerides can also be cured by alcoholysis of the anhydride. These 

25 reactions involve temperatures around 100 °C and require tertiary axioine catalysts siich as 
[2.2.2] diazobicydooctane or dimethyl benzylamine and are slower reactions compared to 
amidolysis reactions. Diols and polyols that can be beneficially used to chain extend and 
cure maleinized triglycerides, include, but are not limited to bispbcnol- A, ethylene glycol, 
glycerol, pentacryihritol. sorbitol, inisitol, glucose, sucrose, starch, polyvinyl alcohol, 

•30 fatty acid monogiycerides, etc. 
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Epoxide ring opening polymerization with anhydride curing agents are well known 
and a large number of anhydrides such as, but not limited to, maleic anhydride, phthalic 
anhydride, pyromellitic dianhydride, nadic anhydride, succinic anhydride, 
cyclohexanedicarboxylic anhydride, etc., have been used to cure commercial cpoxy resins. 
Imidazole or teitiaiy amine catalysts are usually employed to affect this reaction. In this 
invention, maiffinizgd triglycerides have been used as curing agents and co-monomers for 
epoxy containing resins. Epoxy resiins that can be beneficially used to manufacture 
polym^ and composites, include, but are not limited to epoxidized triglycerides, 
conmieicial epoxy resins such as Epon 828 (Shell Chemical Co.). etc. Examples 24 and 
25 describe the synthesis of resins made from maleinized triglycerides. 

GLYCEROLYZED TRIGLYCERTOE 

Alcoholysis of plant triglycerides with glycerol to yield monoglycerides is a well 
eistablished reaction used in alkyd resin manufacture. In the. prior art, monoglycerides are 
polyesterified with diacids or diacid anhydrides to diort polyestos that are fnimarily used 
as paint binders for so called "Oil P&int^ The ^ 

dien allowed to "^dry** by oxidative coujding reactions using appropriate catalysts khcnvn by 
those knowledgeable m the an as '*dryingagent$^ The air drying reacdons are known to 
involve reaction of oxygen with the allylic posidon of the unsaturated fatty acid and 
necessarily require intimate contact of the resin with air. Hence, such polyesters can only 
be used in thin films as protective coatings and paint binders. While these resins give 
scratch resistance, anti-corrosuve protection, and act as vehicles for pigments and fillers : 
they possess no structural strength of their own. 

Synthesis of monoglycerides from triglycerides involyes ester interchange reactions 
andalcoh6lysis pf2/3of the ester gioups of die iriglycerides. In die process, the positional 
isoiners of the various fittty acids are nmdoniized, giving 
monoglycerides but also contain diglycerides, unreacted triglycerides and unreacted 
glycerol. Mono-and di-glycerides also exist as positional isomers. Those knowledgeable 
in the art are aware of various catalysts and reaction conditions required for the preparation 
of monoglycerides with controlled amounts of di and negligible amount of triglyceride. 
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The synthetic route to the new monomers described in this disclosure starts with 
the glyceroiysis of fatty acid triglycerides to give monoglycerides. The monogiyceride 
product is actually a mixture containing mostly mono but also, in smaller amounts, di- and 
triglyceridesv Mono- and diglycerides are positional isomers, and the mixmre also contains 
5 some unreacted glycerol whose anu>unt can be adjusted by adjusting the feed ratio. The 
complex monogiyceride mixture is then reacted with maleic anhydride under conditions that 
lead to the fonnation of the maleate half-esters of mono- and diglycerides aiid of the excess 
glycerol. Therefore, all the species in the final product have now been rendered 
polymerizable by the introduction of the leacdveinaleaieunsaturation. This inonomer 

1 0 mixture has not been synthesized before and constitutes a hew composition of matter. The 
resin can then be diluted with reactive monomers such as styrene and is ready for use. In 
this mvention, the synthesis of the monoglycerides was carried out in such a way that the 
final mixture contained about 80-90 % inonoglycerides, ab^ 
about 2-6% unreaoed glycerol. AU of the coinponems were the^ 

15 ttihydroxy conypunds^ The malctnizaticn reaction was carried out in the presence of a 
base catalyst such as^bm ixxlinitted to, caldumh^^ . 
. conditions, e.g., between about SO to about 100 C, and preferably about 80 C such that . 
only maleate half-esters wm formed and no attempt was noade to inc^ 
weight by polycondensation reactions. The product of the reaction is predominandy 

2 0 monoglyceride-bis maleate half-ester, in a mixture with diglyceride monomaleate halfester 
and glycerol trimaleate half-ester. The judicious choice of stoichiometry and conditions of 
the glyceroiysis step determined the relative ratios of mono, di and triols in the 
maleinization inixture and this in turn. (Uterniined the rel^^ 

trimaleates in the maleinized mixture. For those knowledgeable in tte art* the significarice 
25 oftheratioofiDono;diandtriiinsauiratedmonon^inapolynierizatira 

The desired cross-link deiisity and cross-link segment letigths 

the relative amounts of the above unsaturated products. 

Maleinized monogiyceride mixture was then mixed with reactive diluents such as, 

but n<x limited to, styrexie, a-niethyl styrene. ntethyl inethaciylate, 
30 ethylene glyc I dunethacrylate. etc. and cured with the previously nienticmed free radical 
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initiators to give rigid thermoset resins. The lesin formaladon can be fixrther improved by 
the use of oligomeric cross-linking agents, by adjusting the amount of unreacted glycerol., 
and by air drying of the unsaturaiion present in the fatty acid residue. The presence of 
unxeacted glycerol (a monomer with a functionality of 3), which itself is maleated in the 
5 next step, constitutes a very novel and convenient method for adjusting cross-link densit\\ 
whereby the physical properties of the final thennoset can be optimized. The preseuce of 
the carboxylic add group on the maleate half-esters was observed to provide good adhesion 
with the commmiy used reinforcing agents such as, but not limited K>, glass, ciarbon iand 
aramid fibers as well as a nuihber of naturally occuiring fibers. These improvements 
1 0 produce a resin system that can be used alone, or reinforced with high-modulus fibns such 
as, but not liniited lo/glass, carbon, Kevlar (Aramid Hber, DuPont CoO and naturd 
fibers such as, but not limited to, sisal, jute, bay, hemp, and cotton. 

The use of natural fibers with the resins described herein promises to 
economical, potentially biodegradable, engineering materials with a high level of vegetable- 

15 based raw materials. Such materials have a low market cost, dicy arc attractive with respect 
to global sustainability and should find commercial use as the composite industry becomes 
more enviionmentally responsible in the near future. The resins described can be modified . 
by various additives to improve adhesion to these fibers, thereby significantly improving 
their physical properties and hydn}lytic stabilityv 

2 0 sizing agents for the natural fibers by controlling the type of functional groups, e.g., by 
using hydrophilic hydroxylated oils, which contain sufficient vinyl reactive sites, e.g. by 
maleinization, to bond to the matrix, which by choice ctin be more hydrophobic than the 
sizing agent. Typically, the sizing agent concentration would be of the order of 1 % by wi 
compared to the ihatrix. The resulting sizing would provide a strong bond between the 

2 5 fibers and the matrix, which is essential to the manufacture of high performance composite 
materials. The composites thus fomied have physical prpperdes that compare favorably 
with the previously mcmtioned petroleuni-based commercially successful resins. 

To further imafease the functionaUty of the monoglycerides, 
present on the monc^yceride. can be hydroxylated in the same manner described in the 
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previous section. Hydroxylation of the moooglyceride mixture was done prior to 
maleinization under the same reaction conditions as used wh n hydroxylating the 
triglyceride. This provided additional hydroxy! groups along the fatty acid chain, thus 
increasing the overall functionality of the molecule and its ability to form highly cross 
S linked rigid composites. Maleinization of the resulting hydroxylated monoglyceride was 
then done again using a base catalyst such aSi but not limited to, dimethyl benzyl amine, 
calcium hydroxide; etc.. The thaleinized hydroxylated monoglyceride is now suitable fp^ 
mixing with a reactive diluent, such as, bm not lixnited to, st^ 
methyl methacrylate, divinyl benzene, etc., and curing >aafm 

10 A major advantage of the resin system described here is that the polymerization 

reaction takes place on the double bond jHOvided by the maleate balf-ester. This invoition 
does not use the uhsamration of the fatty acid residue for polymerization reactions, except 
in the previous case using maleinized hydroxylated monoglyceride, where the initial 
unsaiuration was first hydroxylated prior to maleinization. Therefore, the final properties 

IS of the resin that are dependent on crosslinking reactions, are quite insensitive to the source 
of triglycerides used as raw materials. This allows the use of any triglyceride of plant or 
animal origin or their noixtures as raw material. The molecular weight and cross^^ 
density would not be effected by seasonal or geographical changes in the raw material. 
This makes available a large number of saturated and unsaturated triglyceride sources such 

2 0 as. but not limited to, lard. rape. palm, beef tallow, fish, soy, canola* sunflower 

safflower. rice bran. com. peanut, cottonseed and kolza; some of which are essentially - 
inedible and of no other use indu.stria]ly. as raw materials for the resins disclosed herein. 

The glycerolized triglyceride moiecules. as a polyol mixture, was also reacted with 
various diisQcyanates such as. but not limited to. toluenediisocyanate, isophorone 

2 S diisocyanate. methylene diphenyldiisocyanate and polyaromatic polyLsocyanate in die 

presence of teitiaiy amine catalysts to give foamable rigid theimoset resins. Exmiples 26- 
28 describe the synthesis of resins using this chemical approach. 
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AMIDATED TRIGLYCERIDE 

Transamidation of esters with primary amines is a wcU known reaction and 
triglycerides have been amidated with various aniines lo yield industrially imponant 
compounds. Such fatty acid amides have found use as textile softening agents, anti static 
agents and sizing agents. 

In this invention* transamidaiion of triglycerides with diethanoiainine and trisf2- 
ammocthyDamine gave successful rigid resins, suitable for composites. In the case of 
diethanolamihe, the choice of reaction conditions was such that transamidation took place 
without any transesterification. The resulting mixture was found to contain fatty acid 
monoamide as positional isomers and glycerol, all polyhydroxy compounds. As such, 
these poiyols were polymerized with various diisocyanaies such as, but not limited to. 
toluene diisocyanate. isophorone diisocyanate. methylene diphcnyldiisocyanate and 
polyaromatic poiyisocyanate in the presence of tertiary aniine catalysts to give foamable 

rigid thermoset resins. 

The triglyceride diethanohunine amide mixtiire was then reacted wi A 

anhydride widiout further separation to give a mixture of bis-maleate aiid tris-maieate half- 
esters. The ntialeinizauon reaaioii was run under nuld conditiohs and no attempt was tnade 
to polycstcrify the mixture. This mixture was then combined witfi reactive diluents and 
polymerized with free radical initiators to yield a rigid thermoset resin. 

The rigid thermosei resin was found to be biodegradable and exhibited substantial 
weight loss due to die action of fungi and bacteria under aerobic conditions when exposed . 
to a moist soil en>ironmem at room temperature for several weeks. Biodegradation tests 
were done at a burial depdi of about 2 inches in loam soil containing 30% by wt of water, 
the biodegradability of diLs oil-based resin has the potential for many new applications 
whore the biodegradability of the composite is either an important part of its in-seiVice 
performance, or facilitates its disposal in terrestrial or aquadc environments. 

The leacdon of triglycerides with uis( 2*aminoethy])ainine was run under su^ 
conditions that the only products were diaminoamide of the fatty acids and glycerol. This 
pix>diict was found to be an excellent co-monomer for ctmng epoxy resins and excellent 
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thcrmoset resins were obtained when Epon 828 commercial resin or epoxidized 
trigiycerides were used as the epoxy component. Examples 29-31 describe the synthesis of 
resins according to this chemical i^proacb 

5 EXAMPLES 

While there is shown and described certain specific structures embodying the 
invention* it will be manifest to those skilled in the ait that various modifications and 
rearrangements of the parts may be made without departing from the spirit and scope of die 
underiyihg inventive concept and that the same is not limited to the particular forms herein . 
1 0 shown and described. The examples illustrate representative products arid are given by 
way of illustration only and are not to be considered as being limiting. 
Example 1 

100 g of epoxidized triglyceride (0-62 Paraplex from C. P. Hall Co.) having an 
average of 4.2 epoxy groups per triglyceride and an iodine nurnber of 5^ and 23 g of acrylic 

1 5 acid were mixed, after which 0.2 g of hydroquinonc and 10 drops of 30 % benzyluimethyl 
ammonium hydroxide solution in methanol were added. The mixture was heated and- 
stirred at I io^ for 12 hours or until spectroscopic exaniinaiiori showed the disappearance 
of the desired amount of the epoxide groups. This is the acrylated base resin. The acrylated 
base resin was mixed with siyrene and divinyl benzene in the ratio 100:45:3. and bad a 

20 viscosity of 70-80 cps. as measured by a Brookfield visconoeter. This mixture when cured 
with USP-245 free radical initiator at 90 for one hour and 110 °C for one hour; 
produced a rigid resin with flcxural modulus of 723 MPa and surface hardness of 79 
(Shore D). The corresponding values for commercial amine cured epoxy resins are 2000 
MPaandSSfShweb) 

25 ■ ' 

Example 2 

80 g of the acrylated base resin, haviiig approximately 8% of the epoxy groups 
unxeacted. was rruxed with 10 g of rnaleic anhydride and heated to 80 for 4 hours. An 
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incrtase in viscosity was observed along with the disappearance of the remaining epoxy 
group absorbancc in the IR spectrum. This is the unsaturated anhydride modified base 
reiin. When this resin was cured using the method of Example 1, a 60% improvement in 
Ae flexural modulus and 5% improvement in surface hardness was observed. The glass 
5 transition temperature, Tg. of the cured resin was found to be 135 . 

Example 3 

80 g of the aoylated base resin, having approximately 8% of the epoxy groups 
unreacted. was mixed with IS g of maleic add at 110 and stinred for 2 hours. An 
1 0 increase in viscosity was observed. This is the maleic or fiimaric acid modified base resin. . . 
This resin when cured according to the conditions described in Example 1 gave flexural 
modulus of about 2 GPa. surface hardness of 80 (Shore D) and a Tg of 102 'C. The 
flexural modulus of coounercial polyester resins is about 3.0 GPa. 

Example 4 

] 5 400 g of acrylated base resin was mixed with 44 g maleic acid and bcated at 95 

for 4 hours. An increase in viscosity was observed. Upon .mixing the mafeinated 
triglyceride with siyrcne and di vinyl benzene in the ratio 100:45:5, respectively, the 
resulting resin had a viscosity of 2000 cps. which upon curing with 1.5% USP 245 at 65 . 
*'C for I hour with a postcure at 1 10 X for 1 hour, produced a rigid thermosct with a 

20 tensile modulus of 25 GPa. 

Example 5 

80 g of the acrylated base resin, having approximately 8% of the epoxy groups 
unreacted. was mixed with 4 g of polyaromaiic polyisocyanate (PAPI manufacmred by 
Dow Chemical, Midland Mi.), and 0.1 g of diazobicyclp [2.2.2]octane was added as a 
25 catalyst. The nuxtiire was heated at 60PC for 2 hours. An increase in viscosity and the 
disaiq)earance of the isocyanate absorption in the IR spectrum was observed. This is the 
diisocyanate moAfied base resin, This resin when cured according to the conditions 
described in Example 1. gave a flexural modulus of about 1.2 GPa , Tg of 77 C and a 
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surface hardness of 78 (Shore D). 
about 2 GPa. 



.rCTAJS98/22095 
The flexural modulus of conunercial vinyl ester resins is 



Example 6 

80 g of the acrylated .base resin» having approximately 8% of the epoxy grckips 
unreacted. was heated at \\(fC under 1 mm Hg pressure with a downward distilling 
apparatus to remove unreacted acrylic acid. Appfbximately 4 ml, of acxylic acid was 
removed. This base resin was mixed with 2 g of met^Ioie dicyclohexyl amine and then 
diluted with reactive diluent styrene to the extent of 100 g of resin to 45 g of styrcne. this 
mixture was degassed by purging with nitrogen for 5 minutes and 1.5 % USP 245 radical 
initiator. Cire of this mixture at 1 lO^C for one hour and postcui^e at i30X for 3 hours 
gave the cross-linked diamine middified base resin. 

Example 7 

80 g of Che acrylaied base resin, having approxinuuely i% of the epoxy groups 
unreacted, was treated as previously described so that no unreacted add was left -in die 
mixture. This base resin was treated with 0.2 g of titanium isopropoxide and beaied at 
80**C for 2 hours. Color change to a deep red, and an increase in viscosity was observed. 
This is the ring opening modified base resin. This resin, when cured according lo the 
conditions described in Bcample 1, gave flexural modulus of about 1 GPa, surface 
hardness of 78 (Shore D) and a tg of 68 ''C. 
Example 8 

80 g of the acrylated base resin, having approximately 8% of the epoxy groups 
unreacted. was mixed with 9 g of cyclohexane dicatboxy lie anhydride and heated for 1 
hour at 1 lO^C An increase in viscosity and reduction in the epoxide absorption in the IR 
spectrum was observed. This is the saturated anhydride modified base resin. This resin 
when cured according to the conditions described in Example 9 gave dynamically measured 
storage modulus of about 2 GPa and a Tg of about 75 ''C Dynamic mechanical tests were 
conducted at a frequency of 1 cyde/sec and a heating rate of S '^Omin. using a Rheometrics 
dynamic mechanical aiialyzer 
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Example 9 

100 g of the acrylated base resin, or any of the modified resins, was mixed with 45 
g of styrcne and S g of divinyl benzene. The mixture was degassed by purging with 

5 nitrogen for 5 minutes. 1 .0 g of USP 245 free radical initiaior was added, and the mixture 
was injected inio a resin transfer mold (RTM) commning a i»cfonn made of woven glass 
fiber with a suitable sizing. The mold was heated at 110^ for 40 minutes and then at 
130*C for 2 hours to give a glass-fiber-rcinforccd composite. Neat-resin properties of 
resins cured according to this example were measured and the flexural modulus E (MPa), 

1 0 glass transition temperature, Tg CC) and dynamically measured storage modulus E* (GPa) 
of the base resin was found to be E = 400 MPa, Tg = 67 and E' = 0.77 GPa. For the 
maleic anhydride modified resin. E = 960 MPa, Tg = 102 °C and E' = 1.60 GPa. 

The cotnposite properues of the base resin with 45 % woven glass fiber were as 
follows, maximum tensile suiength, 38.9 ksi (268 MPa) (according to ASTM D 3039-76): 

1 5 tensile modulus 2.49 Msi (17.2 GPa) (according to ASTM D 3039-76); flexural strength 
260 MPa (37.3 ksi accofding to ASTM D-790-86); and flexural modulus 1 1.3 GPa ( 1 .64 
Msi, according to ASTM 0790-86). 

The fracuire toughness K|c* of the woven glass ftber reinforced base resin 
measured by center notch tension (ASTM Number pending) was determined to be about 32 

20 MPa. m"^. using fracture mechanics specimens with typical dimensions of width w = 3.6 
cm, center crack length 2a = 2.0 cm, and thickness B = 0.33 cm. In these fracture 
experiments, the typical maximum ai^lied fraaure loads were about 350 N (3,755 lb). 

Composites manufactured with commercially successful onhophthalic acid - 
propylene glycol type polyesters cured similarly and having similar glass fiber contents 
2 5 have tensile strengths about 500 MPa and tensile modulus of about 20 GPa 

Example 10 

100 g of epoxidized niglyceride was mixed with 45 g of metfayleiie dicyclohexyl 
amine and 1.0 g of 2-mediyl tmidazole. The mixmre was heated at 90 for 1 hour and 
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then transfenred to an RTM mold containing glass fiber preform. The mold was heated at 
1 30 °C for one hour to give a rigid thermoseL 

Example 11 

S 40 g of epoxidized triglyceride was mixed with 16 g of isophthalic acid and 

0.3 g of Z-methyliimdazoie and the mixture was heated at 90 ®C for 1 hour. The mixture 
was then transferred to a mold and heated for an hour at 140 to give a rigid thehnoset 
resin. 



10 Example 12 

40 g of epoxidized triglyceride was mixed with 18 g of phthalic anhydride and the 
mixture was stirred and heated at 90 ''C until phthalic anhydride dissolved. The resulting 
mixture was transferred to a mold and heated for 1 1/2 hours ai 140 ""C to give a rigid 
thermoset resin. 

15 ■ ■ • ■ • ■ 

Example 13 

100 g of epoxidized triglyceride was mixed with 30 g of bisphenol-A aiid 0.6 g of 
2-methylimidazole. Themixture was stirred at 100 for one hour or until it reached the 

desired viscosity and then transferred to a mold. The mold was heated at 1 80 for 1 hotu- 
20 lo give a rigid thermoset resin. 

Example 14 

122 g of epoxidized soyoil was mixed with 46 g bisphenol-A and heated ai 90 *C 
for 20 hours. To the resulting viscous oil. 0.2 g of methylimidazoie and 17 g of 
diaminodi{AenylsuIphone was added. The mixture was poured into a niold and cured at 
25 180 T for 1 hour and postcured for 6 hours to yield a red colored transparent rigid solid 
The reaction could be stopped and restarted at any stage simply by changing the 
temperature. IR Spectral arialysis of the product indicated that 88% of ail epoxy groups 
had been consumed. The resulting solid had a Tg at 54 Hi. The physical properties of this 
• itsin are ^^proximately half that of commercial terephtallic based liquid molding polyester 
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resin. Solvent extraction with acetone revealed 1.5% unreacted monomer. The final 
volume had an equilibrium volumetric swelling ratio of 2.2 in toluene. 

Example 15 

40 g of epoxidized triglyceride was mixed with 0.8 g of borontrifloride-ethylamine 
complex and transferred to a niold. Heating at 90 for one hour gave a rigid ihermosct 
resin. 

Example 16 

40 g of epoxidized triglyceride was mixed with LO g of titanitun isopropoxide and 
heated at 60 ®C for two hours. The product was a rigid thermoset resin. The reaction 
could be stopped at any time by adding 1 ml of water and resilient rubbers of diHiereni 
toughness could be obtained according to the extent of reaction. 

Example 17 

40 g of epoxidized triglyceride was emulsified with 20 g of water and 4 g of 
concentrated hydrochloric acid by high shear stirring at rooni temperature. The mixture 
was taken to 40 and stirred for one hour. The mixture was allowed to phase separate 
and the top layer of hydrolyzed epoxidized triglyceride was removed and dried by heating 
under 4 mm pressure at 70^C for 2 . hours to give 32 g of the hydrolyzed epoxidized 
triglyceride. 20 g of the hydrolyzed epoxidized triglyceride was mixed with 12 g of 
polyaromatic polyisocyanaic (PAPl) and 0:3 g of f2.2,2Jdiazobicyclooctane. The mixture 
became viscous at room temperature in 30 minutes and was transfened into a mold and 
heated at 60 ^'C for 2 hours to produce a rigid thermoset resin. 

Example 18 

27 g of maieic anhydride was added to 32 g of the hydlrolyzed epoxidized 
triglyceride of Example 16, and the mixmre was heated to give a viscous oil. The oil was 
diluted with 22 g of stjnnene and 1.0 g of USP 245 free radical initiator was added. Heating 
the mixture at 80 ^ for 1 hour and at 1 10 ""C for an additional hour gave a rigid thermoset 
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resin. The flcxural modulus and Tg of the cured resin were 1020 MPa and 70 
respectively- The physical properties of this resin are generally comparable to those of 
commercially available orthophthalic polyesters. 

Example 19 

1000 g of plant triglycoide was mixed with 1000 ml of 88% formic acid in a 
reaaor equipped with a cooling jacket. 500 ml of 30% hydrogen peroxide was added in 50 
ml portions in lOrminute intervals. The reaction was vigorously stirred for 5 hr. The 
emulsion was poured into a separator funnel and extracted with ether. The water layer was 
discarded, and the ether layer was washed with water, dilute sodiimi bicaifoonaie solution, 
and satumted sodiiim chloride spliition. respectively. The resulting ether solution was 
dried over magnesium sulfate, and die ether was removed by a rotary evapcmtor to yield 
llSOgof hydroxylatedsoyoil. . 

Example 20 ' 

144.4 g of nudeic anhydride (MA) and 0.4 g of hydroquinone were added to 400 g 
of hydroxylated triglyceride in a 1 L round-bortom flask. The mixture was warmed to 50 
"•C under stirring to dissolve all the maleic anhydride. The temperature was ftirther raised 
to 100 ^C. and 15 ml of bexizyl dimethyl amine was added in two portions. The reaction 
was kept at 100 for 3 hr. under stirring to obtain the maleinized product with a 4:1 
molar muo of MA CO hydroxylated triglyceride. 

Example 21 

100 g of maleinized hydroxylated triglyceride from Example 20 was mixed with .45 
g of styrenc and 5 g of divinyl benienc : 2.25 g of USP 245 was added, and the mixtiire 
was degassed by purging with nitrogen for 10 minutes. The mixture was injected into an 
RTM mold contamitig 76 wt% glass fiber preform consisting of two mats TPI QM6408 
fabric. The mold was then heated at 65 for 1.5 lur and 120 for 1 hr to provide a 
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cured fiber-reinforced composite sample. The composite properues were measured and 
are shown with those of a commercial composite vinyl ester resin in the following Table: 



Table-Propenies for Hydroxylayed Maleinized Soyoil and Commercial Con^}osites 



Property 


Dow DK411C50 Fiber 
Glass Composite 


Hydroxylated Soy Oil 
Fiber Glass Composite 


Glass Fiber Content wt% 


76 


76 


Tan Delta Peak "C 


128 


128 


Rex Modulus MSI 


5.2 


5.0 


Flek Strenth at Break KSI 


1 18 


97 


Compresion Strength KSI 


42 


29 


Short Beam Shear Strmgtb 
KSI 


7.6 


5.5 . ■ 









Example 22 

10 g of hydroxylated triglyceride was mixed with 10 g of Epon 828 and 5 g of 
maleic anhydride. The mixture was warmed up to 60 to dissolve the maleic anhydride 
and 2 ml of benzyldimethylamine was added. The resin was poured into a inold with or 
0 without fiber picfonn and cured at 90 for 1 hour to yield a rigid thermpset sample. 

Example 23 

Maleinization of triglyceride was ^omplished by following procedures described 
in the literature* by heating 100 g: of triglyceride with 27 g of maleic anhydride at 200 "^C 
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for 2 hours. The sample contained 0.002 moles of anhydride per gram. 100 g of the 
maleinized triglyceride was cooled to 4 and mixed with 30 g of methylene 
dicyclobexylamine, also cooled to 4 ""C and the nxixture was stirred and allowed to come 
to room temperature. The mixture was then heated at 80 ""C for one hour to give a rigid 
5 thermosci resin. 

Example 24 

100 g of maleinized triglyceride from Example 23 was mixed with 18 g of 
pentaerythritol and heated at 130 ''C to give a rigid theimoset resin. 

lO-' 

Example 25 

SO g of nialeinized triglyceride from Example 23 w 
conuneicial epoxy resin and 02 g of 2-methylimidazole. The mixture was placed in a mold 
and heated at 80 for one hojor to give a rigid thermoset resin. 

15- .:• . 

Example 26 

Glyceroiysis of triglycerides were done by following the procedures given in the 
literature. Thus, 240 g of triglyceride was mixed with 60 g of glycerol and 0.2 g of calcium 
hydroxide and heated at 230 for 4 hours. The resulting mixture contained 88% 

20 monoglyceride. 4 % diglyceride and 4% triglyceride and 4% glycerol. This is the 
glycerolized triglyceride mixture. To 40 g of the glycerolized triglyceride mixmre, 20 g of 
maieic aishydride was added aiid the mixuxre heated at 100 for 2 hours to give 
maleinized monoglyceride. The resulting mixuire was diluted with 25 g styrene and 1 g 
divinyll)enzene and I g of USP 245 free radical initiator was added. The mixture was 

25 cured in a moid at 70 ^^C to give a rigid thermosci resin. The flexural modulus and Tg of 
the cured resin were 720 MPa and 135 ''C, respectively. The commercially successful 
polyester resins l^ve heat deflecuon temperatures of about 80 ''C 

Example 27 

30 30 g of glycerolized triglyceride mbcture from Example 26 was mixed with IS g of 
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isophoronc diisocyanate and 0.1 g [2.2»2]diazobicyclooctane. Cunng t& mixture at 60 X * 
for 3 hours gave rigid ihcnnoset resins, while curing at 60 **C for 1/2 hour gave a foamed 
thermoset resin with a specific gravity of 0.2. 

5 Example 28 

1 g of hydroxyiated monogiyceride was heated to 60 0.2S g of hydroquinone 
radical inhibitor, 0 J g of maleic anhydride, and 6 drops of dimeth^^ 
added and the reacticHi heated at 90 T for one hour forming the maleinized hydroxyiated 
10 monogiyceride. The maleinized hydroxyiated monogiyceride was heated to 90 **C, mixed 
with I g slyrene. and allowed to cool to room temperature. 2 drops of USP 245 free 
radical initiator were added and the mixture cured at 90 for one hour giving a rigid 
thennoset polymer. 

15 Example 29 

32 g of Qigiyperide was iniixed with 10 g diethanolamine and heated to 180 ^C. The 
mixture slowly became one phase and was heated for a total of 2 hours, or until the 
was soluble in methanol. This is the triglyceride diethanolamine amide. To this mixture 1 6 
g of maleic anhydride was added and the mixture was kept at 100 for 15 minute.^ to give 
20 the maleinized fairy add amide. This mixture was mixed with 22 g styrene and 1 g USP 
245 free radical initiator and heated in a niold to give a rigid thermoset resin. The flexural 
modulus of the cured resin was 340 MPa . 

Example 30 

23 18 g of toluenediisocyanate was added to 40 g of thk triglyceride djethanolamine 

amide obtained in Example 27. The reaction started at room ten4)erature and the mixttire 
gelled in 30 minutes. Continued heating at 125 ''C for one hour gave a rigid thennoset 
resin. 

30 Example 31 . 
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40 g of triglycehde was mixed with 18 g of iris(2-anunoethy])ainine and the 
mixture was heated at 160 for one hour. The resulting product was mixed with 90 g of 
Epon 828 and polymerized by heating at 70 '^C for 3 hours, the result was a rigid 
thermoset resin. 
5 ■ 
Example 32 

333 g of acrylated epoxidized triglyceride was mixed with 150 g styrene. 17 g 
divinyl benzene, and 10 g USP 245 free radical initiator. The mixture was degassed by 
purging with nitrogen for 5 minutes. The resin mixture was then injected at 30 psi into an 
1 0 RTM mold containing a preform made from two non-woven hemp fiber mats at 0/90 fiber 
orientation. The fiber volume fraction of the resulting composite was 20% hemp by 
weight. The mold was heated at 90 for 1 hour and at 1 10 ®C for one hour to produce ia 
rigid hemp fiber composite. 



Table*Hemp Coihpoisite Properties 



Tensile Strength 


Tensile 
Modulus 


*'^Toughnes$, 


♦♦Fracture 
Energy 


Densi^ 


35MPa: ^ 


4.4 GPa 


.3MPa,m"= 


2KJ/m= 


1.104 g/craV 



15 ♦♦Deterauhcd using Center-Notched specimens 



Example 33 

200 g of acrylated epoxidized triglyceride was mixed with 90 g styrene, 10 g 
2 0 divinyl benzene and 6 g USP 245 free radical initiator. The mixture was degassed by 
purging with nitrogen for 5 minutes. Separately 60 g of straw fibers were pressed into a 
prefonn in a molding press and transferred to an RTM mold. The resin mixture was 
injected and the mold was-heated at 90 for 1 hburahd llOX for 1 hourtopioducea 
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Example. 54 

100 g of maleinized hydroxylaied triglyceride was mixed with 45 g styrenc. 5 g 
5 di vinyl benzene and 1.5 g USP 245 free radical initiator. The mixture was degassed by 
purginjg with nitrogen for 5 niinutes. The resin mixture was injected into an RTM mold 
containing woven carbon fiber preform and the mold was heated at 90 X for 1 hour and 
1 10 for 1 hour to produce a rigid carbon fiber reinforced composite. 

10 Example 35 

A series of xnaleinized hydroxylated triglycerides (prepared via Example 20) derived 
respectively, from Olive Oil. SafDower Oil Soybean oil and mixtures of Soybean-Olive 
oiL were prepared {Example 2 1 ), using 100 g of maleinized hydroxylated oil with 45 g 
styrene. S g divinyl benzene and 1 .3 g USP 243 firee radical initiator. 

15 Table-Properties of Maleinized Hydroxylated Plant Oils 



Plant PU 


No G=C 


Tg 


Hardness 


Storage 


Crosslink 


Rinctional 




Boiids/Tri 
glyoeride 


•c 


Shore D 


Modulus 
GPa 
Room 
Temp 


Pensily 

atl40*C 

giol/m3 


Groups in 
OB 


Olive Oil 


2.8 


81 


74.6 


1.04 


3952 


1.23 


Soy/Olivc 


3.7. 


,91 


77.4 


1.31 


4397 


1.41 


Soy Oil 


4.6 


102 


82.6 


1.64 


4812 


1.65 


Safflowef 


5.1 


117 


84.3 


1.90 


5525 


1.81 



The mixture was degassed by purging with nitrogen for .5 minutes. The resin mixtutes 
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were cured at 90 ®C for 1 hour and 1 10 *C for 1 hour to produce rigid ihermoseis. The 
propenies were evaluated as a function of the plant oil used and are shown in the above 
Table. As tiw level of C=C unsaturaiion increases, the amount of funciionalized 
triglycerides also increases resulting in a more highly crosslinked thermoset. As the degree 

S pf crosslinking increases, the Tg; Hardness and Modulus increase proportionately. The 
number of funccimalized groups per triglyceride, following the addition of maleic 
annhydride^was deteimined by nuclear ms^netic resonance (J. La Scala and R. P. Wool: 
paper to he published). With the above information, high performance resins can be 
designed with respect to triglyceride structure to give hari or soft thermoseis with optimal 

10 properties. 

Example 36 

33d g of maleinated hydroxylated triglyceride was mixed with 12 g Dow Derakane 
411 vinyl ester resin and 6 g of US? 245 ftee radical initiator. The mixture was degassed 
IS by purging with nitrogen for S minutes. The resin mixture was injected into an Rl^ mold 
containing woven glass fiber preform and the mold was heated at 90 ^C for 1 hour and 1 10 
"^C for J hour to produce a rigid glass fiber reinforced composite. 

Example 37 

20 8 g of acrylaied epoxidized triglyceride was mixed with a nmge of 2- 8 g of Dow 

Derakane 41 1 vinyl ester resin, and 0.2 g of USP 245 free radical initiate^:. The niixture 
was purged with nitrogen for 5 minutes and heated su 90 X for one hour, and at 1 10 
for one hoiir« to give a rigid thermoset resin. Commercial bisphenol-:A vinyl ester resins 
have die foUowing cured neat resin propeiues: tensile rnodulus. abom 3 GPa; ^ 

25 break, 10%; flexural modulus. 2.8 GPa; and heat deflection tcmperanire, 75 C. the 
propenies of resins prepared according to Example 37 are similar in terms of cure 
characteristics, processing and their optical, thermal and mechanical properties. 
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Example 38 

80 g of maleinized fotty acid izKHioglyceride was mixed with 30 g of styrene and 20 
g of glass fibere chopped to 6 mm length. The mixture was tumbled in a ball mixer for 10 
minutes to give a bulk molding compound (BMQ resin with 15% glass content. The 

S resulting mixture was mixed with 0.6 g 10% cobalt naphtenate and 1 g methyl ethyl ketone 
peroxide and was placed in a mold containing chopped glass fiber. The molding 
compound was allowed to cure at room tenqseratuie to give a rigid diopped fiber reinforced 
composite. The resulting composite product had surface proporties and mechanical 
properties that were similar to BMC compounds using coinmeicially available polyester 

1 0 resins 

Example 39 

100 g of epoxidized triglyceride was mixed with 30 g of bisphenol-A and 0.6 g of 
2-methylimidazole. The mixture was stirred at 100 X for one hour, or until it reached the 
1 5 desired viscosity and then transferred at atmospheric pressure into an open mold which was 
preheated to 90 ''C and w:hich contained 18g of 0^ glass fiber woven cloth. The mold 
was heued at 180 X for 1 hour to give a rigid tfaennosa glass fiber^n 

Example 40 

20 100 g of maleinized fatty acid diethanolamide was mixed with 30 g of styrene^ 1.5 

g of cobalt mq>htenate and 1.0 g of methyl ethyl ketone peroxide. The mixture was hand 
laid up on a 50 cm X SO cm sample of 600 g/ nfi chopped glass fiber mat and allowed to 
cure at room tenoperature. The product was a rigid glass fiber reu^ 

25 Example 41 

40 g of maleinized fatty acid monoglyceride and 40 g of maleinized fatty acid 
diethanolamide was mixed with 30 g of styrene* 0.6 g dimethyl aniline and 0.8 g benzoyl 
peroxide. The mixture was degassed for 5 minutes by purging with nitrogen and heated in 
a mold at 90 ""C for 1 hour and at 1 10 ""C for 1 hour. The product was a rigid thermoset 
.30 resin.. 
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Example 42 

1500 g of acrylated cpoxidized triglyceride was mixed with 750g siyrcne, 113 g 
divinyl benzene, 18g cobalt naphthalaie and 68g Trigonox 239 free radical initiator. The 
5 resin was infused into a glass fiber (50% V,) preform (QM6408 E-Glass. 2 plies) by 
Seemann*s Conq)6site Resin injection Molding Process (SCRIMP). The composite was 
cured for 12 hours at room temperamre and postciired for 7, hours at 150 ^C, resulting in a 
rigid ihennosei composite. The glass transition temperature was determined to be 80 ""C 



Comparison of Plant Oil and Commercial Vinyl Ester Fiber Glass Reinforced Composites 



Materials 


Testing 
Direction 


Tensile 

ASTM 
D3039-76 


Youngs' s 

MnHiiliic M^T 

iVlUUUlUa IVIOI 

ASTMb 
3039-76 


Compressive 
^rr^ncrth ICSl 

ASTMD- 
3410-87 


Compressive 

ASTMD- 
3410-87 


S6yyE*Glass 
(2 plies) 


sr 


67.2 


3.6 


43.9 


3.6 


Dow PC-100 
VE/E-Giass 


v 


66.5 


3.45 


61 


3.4 


Soy/E-Glass 




46.7 


3.0 


26.2 


3.0 


Dow PC-100 

VE/E-Glass 


90P 


47.0 


2.55 


49.2 


2.6 



10 

The mechanical propeities-of the composite were detemuned and compared wjth diose of a 
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commercial high performance vinylesler resin (Dow PC- 100) coniaming the same volume 
fraction of identical fibers. The above mechanical test data for the fiberglass composites 
provide a favorable compsuison between commercial high performance composites and 
soyoil derived composite lesixis. 

5 . 

Example 43 

100 g of acryiated epoxidized triglyceride was mixed with 45 g styrene. 5 g divinyl 
benzene. 2.2S g USP 24S free radical itutiator. This liquid mixmre was combined in an 
RTM with 30% wt of flax (Durafiber Grade 2, or, Mesh 10) fibers, randomly distributed. 

1 0 cured at 90 ''C for 1 hour, followed by a postcure at 1 10 ^'C for 1 hour. The Mesh 10 flax 
consisted of flax shive with 2 mm average length; the Grade-2 flax fibers were decorticated 
fibers of much longer lengths. The resulting rigid composites with Durafiber Grade-2 flax 
had a tensile strength greater than 34 MPa and a tensile Young's modulus of 4.6 GPa. the 
specific gravity was l.L Water sd)sorption tests (ASTM D570-81) oii flax composites 

1 5 conditioned at SO in a vacuum oven for 4 hours and allowed to cool to rooni tempenuure 
in a descicator for 30 niinutes* gave the following results: 
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Table-Water Absorpti n Data for Flax Fiber C mposifes 



Flax Fiber 
30% wt of 
Composite 


Water 

Texnpciatuie 


Immersion Time 
Hours 


Weiglit Change 
% 


Number of 
Samples Tested 






2 


0.75 


3 


Mesh-lOShivc 


Boiling 




4.31 


3 


Grade-2 Fiber 


room 


2 


L27 


3 • . ■ 


GradCr2 Fiber 


Boiling 


2 


5.43 : 


3 



Example 44 

40 g of maldnized fatty acid monoglyceride and 40 g of aciylated epoxidized 
5 triglyceride were mixed with 30 g of styrene, 0.6 g dimethyl aniline and 0.8 g benzoyl 
peroxide. The mixture was degassed for 5 minutes by purging with nitrogen and injected 

intoa mold. The mixture vi/as heatttl at 90 ''C for 1 hour and at 110/*C for 1 hour/ The 
product was a rigid thermoset resin. 

10 Example 45 

1 10 g of acrylated epoxidized triglyceride was mixed with 45 g of styrene . 7,5 g of 
sulfur vulcanized soybean oil rubber resin was powdered at 0 ^C and added to the mixture 
in Example 44 by high shear stirring. 1 .5 g of USP 245 free radical initiator was added and 
the mixture was heated in a mold at 90 ''C for 1 hour and at 1 1 0 ^C for 1 hour. The product 
15 was a toughened rigid thermoset resin. 
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Example 46 

AS g of acrylated epoxidized triglyceride was mixed with 1.5 g titanium 
isopropoxide and heated and stiired at 95 "'C. The mixnire became viscous in 40 minutes 
and gelled in 90 minutes and gave a rubbery polymer in 3 hours. This rubbery polymer 
5 was ground to a fine powder at 0 "^C* washed twice with acetone and dried to give a 

resilient material. I g of the material was mixed with 12 g of acrylated epoxidized 
triglyceride andS g of styrcnc and 0^ g of USP 245 free radical initiator. This mixture was 
heated at 90 for one hour and at 1 10 ^^C for 1 hour to give a toughened thermosei resin. 

10 

Example 47 

100 g of acrylated epoxidized soyoil was mixed with 45 g of styrene. 5 g of divinyl 
benzene. 1 .5 g of USP-245 Initiator and 7.5 g of vulcanized r^«s©ed oil rubber particles, . 
commercially available from Harwick (Lot # €21185116). The robber particle diameter 

I S was about 100 microfloeters. The nuxture was stiri^ 

rubber particles and the resin was cured at 90 ""C for 1 hour and post cured at 110 oC for 1 
hour. The resulting material was a rubber reinforced rigid solid with a Tg of 70 ^C, as 
determined by DMA, a Young's modulus of 603 MPa and an Izod impaa suxngth of 3.2 
KJ/m-. Izod fracture experiments were conduacd on a Zwick Impaa Tester Model 5113 

20 using ASTM D 256-90b, test method- A. Scanning Hectfon Microscopy of the fracture 
surfaces from the Izod in^iaa tests revealed that extensive crazes grew from the rubber 
particles normal to the principal stress . direction, which is highly characteristic of a 
toughen«l glassy thermoset. 

25 

Example 48 

30 g of raaleinized triglyceride of Example 23 was rnixed with 13 g of glyceroiized 
triglyceride mixture from Example 26 and heated at 110 **C for I hour and at 130 ^^C for 2 
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hours. The product was a resilient rubber. The product was powdered at 0 °C and washed 

twice with acetone to give a resilient material. 1 g of this material was mixed with 12 g of 
tnaleinized £atty add monoglyceride, 8 g styrene and 0.3 g USP 245 free radical initiator. . 
The mixture was stirred- at rtxnn tonperatare for S minutes until material particles were 

S swollen and dispersed and then heated 1 hour at 90 "C and 1 hour at 1 10 **€ in a mold. The 
pniduct was a toughened rigid thainoset resm. 

10 • 
15 ■ . 
20 ' . 
25 . 
30 

35. - ■ 
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CLAIMS 

We claim: 

1. A process lo produce a resin or composite which comprises the chemical 
modiflcaiion of a saturated or aii unsaturated plant oil so that chain extension and cross 
linking reactions can be induced to transform said plant oil into a rigid solid resin whexdn 
said chemical modification is caxried out by at least one of the following synthetic methods: 

(a) ring opening polymerization, 

(b) hydioxylatioiu 

(c) maleinizarion, 
10 (d) glycerolysis, 

(e) amidation, 

(f) modification of an aciylaied epoxidized plant oil with at least one of the following 
groups: 

(1) unsaturated anhydrides* 
15 (2) saturated anhydrides, 

(3) reacdve diluents with diisocyanates and/or p^^ 

(4) diamines, 

(5) Lewis adds or 

(6) alkoxides 
20 (7)diacid5 

(g) free radical pplymerizatioiu or 

(h) polycondensation. 

2. A thexmoset resin or cbiiqx>site which comprises a synthesized plant oil vdwrein 
25 said synthesis is carried out by at least one of the following methods: 



30 
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(a) ring opening polymeriziuion, 

(b) hydroxylaiion, 

(c) maleinization, 

(d) glycerolysis, 
S (e) anudadon, 

(f) modification of an aciylated epoxidized plant oil with at least one of die following 
groups: 

(1) unsaturated anhydrides, 

(2) saturated anhydrides, 

10 (3) reactive diluaits with diisocyanates and/or polyisocyanates, 

(4) diamines, 

(5) Lewis acids or 

(6) alkoxides 

(7) diacids 

15 (g) free radical polymerization or 
(h) polycondensation. 

3 The resin or composites as claimed in claim 2, wherein said synthesis is by the 
modification of an acrylatcd epoxidized triglyceride with at least one of the following 
20 groups: 

(1) unsaturated anhydrides^ 

(2) saturated anhydrides, 

(3) reactive diluents with diisocyanates and/or polyisocyanates, 

(4) diamines, 

25 (5) Lewis acids or 

(6) alkoxides 

(7) diacids 

4. The process as claimed in cliann L which comprises synthesizing by 
30 modification of an acrylaied epoxidized triglyceride with at least one of the following 
groups: 

(1) unsaturated anhydrides, 

(2) saturated anhydrides, 

(3) reactive diluents with diisocyanates and/or polyisocyanates, . 
35 (4) diamines. 

(5) Lewis acids or 

(6) alkoxides 

(7) diacids 
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5, The resin or comi/osites as claimed in claim 2, wherein said synu.«iy^|j|Qing 
opening polymerization of epoxidized triglycerides with at least one of the following 
groups: 
(1) diamines, 
5 (2) dicarboxylic acids, 

(3) dicaxboxylic acid axibydrides, 

(4) diols, 

(5) polyols 

(6) Lewis acids or 
10 (7) alkoxidcs. 

6. The process as claimed in claim 1, wherein said synthesis is by ring opening 
polymerization of epoxidized triglycerides with at least one of the follows 

(1) diamines, 
15 (2) dicarboxylic acids, 

(3) dicaifooxyiic acid anhydrides, 

(4) diols, 

(5) polyols 

(6) Lewis acids or 
20 (7)alkoxides. 

7. The resin or composite as claimed in claim 2, wherein said synthesis is by 
hydroxyladon of triglyceride to form a ppiyol and said polyol is then subjected to 
maieinization. 

25- ■ 

8. The resin or composite as claimed in claim 2, Wherein said triglyceride is an 

epoxidized triglyceride. 

9. The process as claimed in claim 1, wherein said synthesis is by hydroxylation of 
30 ttigiycerides to form a polyol and said polyol is then subjected to m aieinizati o n. 

10. The process as claimed in claim 9, where said triglyceride is an epoxidized 
triglyceride. 

3 5 11. The resin or composite as claimed in claim 2. \idierein said synthesis is by 

reaction of a hydroxylated triglyceride with an epoxy resin and an ethylenically u n satu ra ted 
anhydride. 



-44- 

SUBSTITUTE SHEET (RULE 26) 



wo 99/21900 PCT/US98/22095 

12. The process claimed in claim U wherein said synthesis is reaction of a 
hydroxylaied triglyceride with an epoxy xesin and an ethyienically unsaturated anhydride. 

13. The resin or composite as claimed in claim 2, wherein said, synthesis is by 
maleinization of a tri^yceride to form a resulting polyanhydride and polymerizadon of the 
resulting polyanhydride with at least one of the groups 

(a) diamines, 

(b) diols and/or polyols or . 

(c) epoxide. . - 

14/ The process as claimed in claim 1, wherein said synthesis is by maleinizadon 
of a triglyceride to form a resulting polyanhydride and then polymerizing the resulting 
polyanhydride with at least one of Ae groups 

(a) dianiines, 

(b) diols and/or polyols or 

(c) epoxide. 

15. The resin and composite as daimed in claim 2, wherein said synthesis; is by 
glycerplysis of a triglyceride to form a riesuiting polyol and said resiilting polybl is then ; 
subjected to maleinization. 

16. The process as claimed in claim 1, wherein said synthesis is by glycerolysis of 
a triglyceride to form a resulting polyol and said resulting polyol is then subjected to 
maleinization 

17. The resin and composite as claimed in claim 2, wherein said, synthesis 
cornptises the steps of 

(a) glycerolysis of a triglyceride, 

(b) hydroxylation to form a resulting polyol and 

(c) inaieimzation of said resulting pplyoL 

18. The process as claimed ill claim 1, wherein said synthesis comprises the steps 

of 

(a) glycerolysis of a triglyceride, 

(b) hydroxylation to form a resulting polyol and 

(c) maleinizadon of said resuitiiig polyol. 
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19. The resin and composite as claimed in claim 2, wherein saia synthesis is by 
glyccrolysis of a triglyceride lo form a resulting polyol, following by polynoerization of 
said resulting polyol with di-isocyanates and poly isocyanates. 

5 20. The process as claimed in claim 1 , where said synthesis is by glycerolysis of a 

triglyceride to form a resulting polyol followed by polymerization of said resulting polyol 
with dtisocyanates and poly isocyanates. 

21. The resin or composite as claimed in claim 2, wherein said synthesis is by 
10 amidation of a triglyceride with a hydroxy amine to form a resulting polyol and then 
maleinization of said resulting polyol. 

22* The process as claiined in claim 1, wherein said synthesis is by ami^ 
ttiglyceride with a hydroxy amine to form a resulting polyol and then maleiniTario n of said 
15 resulting polyol. 

23. The resin or composite as claimed in claim 2, wherein said synthesis is by 
amidation of a uigiyceride with a polyamine to fmn a resulting polyamine and then 
polymerizing said resulting polyamine wi^ 

20 

24. The process as claimed in claim 1, wherein said synthesis is by amidation of a 
triglyceride with a polyamine to foim a resulting polyamine and then polymerizing said, 
resulting polyamine with epoxy resin. . 

25 25. A timmoset resin or composite mixture which comprises at least two dififer^nt 

resins, witii at least one of said resins being said resin as claimed in claim 2. 

26. The resin or composite as claimed in claim 2, which further comprises an 
• admixture of at least oiieelasitonieric toughening agent 

30 

27. The resin or composite as claimed in claim 2, which further comprises the resin 
or composite is reinforced with at least a reinforcing, member which is selected ficom the 
group consisting , of glass, cs^rbon, aramid, boron, silicone carbide, man made fibers and 
natural fibers. 

35 ■ 

28. The thermoset composite as claimed in claim 27, wherein said reinforcing 
member is an animal fiber, plam fiber or vegetable fiber. 
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29- The thennosci composite as cUumed in claim 28, wherein $sl«a animal fiber is 
wooU cashmere, hair or bird feathers. 

30. The thermoset composite as claimed in daim 28, whiertin said plam fiber or 
5 said vegetable fiber is cotton, sisal, fibrous cellulose, hemp, hay, straw, flax, jute, or pine 

needles. 

31. A process to produce a polymer or composite which comprises reacting the 
resin as claimed in claim 2, by Resin Transfer Molding (RTM), Reaction Injection Molding 

1 0 (RIM), Vacuum Assisted Resin Transfer Molding (VARTM), Seeman's Conqjosite Resin 
Infiision Manufacturing Process (SaUMP), Atmospheric Pr^ 
mold casting, spray-up. Sheet Molding Compound (SMQ, Bulk Molding Compound 
(BMC), Partide Board Pressing, Oriented Fiber Strand Pressing, filament winding, 
pultnision, fiber placement or prepreg formaribn. 



15 



32. A polymer or composite produced by the process as claimed in claim 3 1 



33. A method which comprises utilizing the polymer as clamed in claim 32, as an 
applicadoQ for civil infirastrucnuci defense materiel, aerospace, dvil aeronautics, marine 
20 ofiEshore/iiBhotb, bousing and builcUng construction, particle boards automotive, rail 
transpcntation carriages and wagons, trucks and buses, agricultural equq)ment, sculpture, . 
furniture and sporting goods and equipment. 
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